~ . |

S ¢ _.n‘u__!an.\....n :
< e |
()]
(p] e
o 2
()]
© S 3
M = S
> O
= > [C .
o g L =
m T SR
S 3 o
n/_ O = N
oY 5 8 5
o S A ©
< < O =

JHT-TH




HL-LHC

Overview of technical progress since the June 2018 IPR
= 402.2.4.1 MaPSA
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MaPSA Introduction

= Since the 2018 review, USCMS continued to progress on qualifying
bump-bonding vendors and to validate the assembly procedures

= USCMS responsibility to OT

Strip Sensor

MaPSA

MR Y Xy WA 23

Pixcllated Strip Sensor

Front-end hybrid

= The process included the following:
= Fabrication and test of dummy assemblies (complete)
= Fabrication of the 1st set of assemblies with functional MPAs (in progress)
= Fabrication of a 2nd set of MaPSAs (pre-series).
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MaPSA Dummy Fabrication

= 20 dummy parts from each of 2 s s sow
vendors were received and tested. e N
= USCMS has also received two “free _// underfill \\
samples” from Hamamatsu Py X
= Testing required:
= The development of automated No underfill
Visual inSpectlon and pattern 0 10 20 30 40 X?r?\m) 60 70 80 90 100

recognition algorithms to select the
best parts for dummies

Bump Inspection

= The investigation of the observed
bowing due to underfill CTE

= The testing of the dummies lead to
vendor down-selection




MaPSA Prototyping
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= 2 rounds of functional prototyping planned before preproduction
= MaPSA dashboard for international colleagues

| oct2018 | Mov201s | Dec20te | Jan201e | Feb 2018 | Mar2010 | Aprit201e | May 2018 | June 2010 | Juy2013 | Aug 2010 |Sept2010 | Oct2010 | Nov201e | Dec201e | Jan 2020 | Feb 2020 | March 2020| April 2020 | May 2020 | June 2020 | Jui2020 | Aug 2020 | Sept 2020
404142434445464748495051521 2 3 4 5 6 7 8)8/10 111213141516 1718 19 20 21 22 23 24 25 20 27 28 20 30 31 3233 34 3530 37 38 30 4041424344 4545474849505152 1 3 4 5 6 7 5 © 10111213141516 161718 182021222324 252627 28 29 313233 34 35 36 37 38 39 40
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Vendor1 assemole dummy MaPSAs |

Vendor2 assemble dummy MaPSAs |

Procure Prototype MaPSAa Vendor 1 | | ASS em b | y
Procure Prototype MaPSAa Vendor 2 | |

Vandor 1 355y proto MaFSAs - R1

MPA Wafer thinning 2nd Dicing _R d 1

Vendor 2 assy proto MaPSAs - R1 —Roun

R2 MPA available |

Components Available—
Procure Proto MaPSAa Vendor 1 R2 _ -
Procure Proto MaPSAa Vendor 2 R2

“Round 2

Vendor 1 assy proto MaPSAs - R2
Vendor 2 assy proto MaPSAs - R2

Develop V¢ st Cf
Develop vendor test infrastructure
nstall testing =t Vendor 1 B . |
“Testing

s g at MACs B |
nstal tasting 1 MACS “Infrastructure [
Pre-prod PS-p sansors |
Pre-prod MPA |

Procure Pre-prod MaPSA Vendor 1 _
Procure Pre-prod MaPSA Vendor 2 .
P e _Preproduction
Fabricate pre-pro MaPSA V1 -
Fabricate pre-pro MaPSA V2
Fabricate pre-pro MaPSA V3?
= Round 1 underway at two vendors

= Expecting results early summer 2019 (test setup being assembled at
Fermilab as reported in the ‘Test Systems and QA plan’ presentation)

= Round 2 includes setup of testing apparatus at vendor



A Prototyping Round 1: Status

= The production of functional MAPSAs is underway at Hamamatsu and
AEMTec

= 15 “setup” and 10 active devices at each of the 2 vendors

= Room temperature cure of underfill with better CTE match to
eliminate bowing

* Logistics:

= Wafers and good die MPAs are sent from CERN to AEMTec for
thinning and dicing

= AEMTec sends % of diced parts to Hamamatsu (via CERN)
 Diced, picked MPAs due mid-March
e Status:
= Sensors have been sent to AEMTec from KIT
= AEMTec MaPSAs will be available at the end of March

= Hamamatsu MaPSAs should be available two months after receipt of
MPAs

A. Canepa 402.2.2 Outer Tracker Electronics CD1 Director's Review March 20, 2019 po6
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E(é\‘s MaPSA Prototyping Round 2: Plans

= Round 2: ~ 80 prototype MaPSAs for PS Module building
= Start procurement in May 2019

= Look at options for including full production as part of contract
= Actual fabrication is dependent on availability of parts

= MPAs mid-summer at earliest

= PS-p with a 4 month delay from order

= Round 2 MaPSAs should be available for Module Assembly by early
2020
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E(% MaPSA Production Cost Estimate

We received initial quotes for bump bonding from several companies

There is a large spread between these quotes

R&D and prototyping phase to vet less expensive, but less known
companies vs. well known, but more expensive ones

Until final vendor selection has been made and final quotes, we assume
S2M for planning purposes

Hamamatsu $1,721,250
AEMtec S472,037
Quik-Pak $3,129,840
Micross $3,501,000

13 $799,509



Risks

RT-402-2-11-D OT - MaPSA bump bonding cost increases
RT-402-2-10-D OT - Vendor cannot perform MaPSA qualification tests
RU-402-2-01-D OT - Uncertain performance of Hybrids vendor
RT-402-2-09-D OT - MaPSA yield is lower than expected
RT-402-2-58-D OT - Damage to Flat Barrel

RT-402-2-23-D OT - Vendor is unable to produce sensors to specifications
RT-402-2-46-D OT - Problem with carbon foam vendor

RT-402-2-33-D OT - More preproduction modules needed
RT-402-2-43-D OT - Problem with carbon fiber vendor

RT-402-2-14-D OT - System test hardware has insufficient capacity
RT-402-2-35-D OT - Temporary loss of module assembly facility
RT-402-2-01-D OT - Sensor quality problem during production
RT-402-2-54-D OT - Mechanics materials degraded by radiation
RT-402-2-06-D OT - Temporary loss of Sensor QC Site

RT-402-2-25-D OT - Module assembly yield is low

RT-402-2-24-D OT - Problem with module mechanical parts vendor
RT-402-2-57-D OT - Major failure of layer assembly infrastructure
RO-402-2-08-D OT - New vendor identified for Carbon Foam

\ RO-402-2-03-D OT - Module assembly can be automated

-800 -600 -400 -200 0 200 400

Probatbllty * Meap Impact (k$) : g?% 1.5 M$
= MaPSA bump bonding cost increases . No delay

= Variance in quotes is 0.5-3.5MS, we assume 2MS for planning for entire order Impact = 200 k$

= Bump bonding production cost could increase beyond 2MS

= MaPSA vendor cannot perform QC tests

* |n that case we will perform QC for all MaPSAs at Fermilab (additional labor)

P=33%
0.2-0.4-0.6 MS
* No delay
Impact = 132 kS

= MaPSA yield is lower than expected P=15%

= Will have to assemble additional parts; might have to purchase additional PS-p 0.37-0.51-0.64 M5
sensors and MPA chips * No delay
* Impact = 76 kS
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E é Summary

Technical progress has been made since the June 2018 IPR

= Dummy MaPSAs have been received and tested

= This resulted in an improvement of the bump bonding process and the down
selection of vendors

= Functional MaPSAs round 1 are being produced by AEMTec and HPK
= MaPSAs are expected in late Spring 2019
= Test setup is being assembled at FNAL

= Procurement of Functional MaPSAs round 2 will start in May 2019
= Test setups with be installed at vendors

= QOptions for including full production as part of contract will be considered
= Round 2 MaPSAs should be available for Module Assembly by early 2020



